Purpose: To investigate thymoquinone, curcumin and a combination of these two drugs were effective or not at the growth of liver. Methods: Forty female Wistar-Albino rats distributed into five groups of eight rats each, control, thymoquinone, curcumin, and thymoquinone/curcumin groups. Pathological specimens were studied using the Ki-67 Proliferation Index(PI); and arginase(Arg), tissue plasminogen activator(tPA), ceruloplasmin(Cer) and nitric oxide(NO) were studied in biochemical analysis. Results: Our results showed that Ki-67 proliferation index was low in Groups 1. The proliferation coefficient was significantly higher in the Group 2 and Group 4 than in the Group 1 and Group 3.(P < 0.001 between Groups 1 and 2, 1 and 4, and 3 and 4). There was no difference between Groups 2 and 4 (P = 1). The results of the biochemical Arg, tPA and Cer test showed statistically between the Group 1 and Group 2. NO showed significant differences Group 1 and 3. Conclusions: Thymoquinone and curcumin both have known positive effects on the organism. Histological and biochemical tests showed that thymoquinone is more effective than curcumin.
hepatoprotective effects. This study examined their roles in liver regeneration.
■ Methods
The Inonu University Animal Care and Use Committee (Malatya, Turkey) approved the study (approval number 2016-A18).
In this experimental study, we used 40 female Wistar-Albino rats (10-12weeks old) weighing 200~250 g and obtained from the Inonu University Laboratory of Experimental Animals (Malatya, Turkey). The rats were housed in individual cages and allowed to acclimatize for 7 days before the experiment. They were fed commercial pellets ad libitum and had free access to water.
Chemicals
The chemicals used were obtained from Analiz Medikal (Gaziantep, Turkey). The pathology and biochemical test kits used for the analyses were from Cebel Kimya (Sanliurfa, Turkey) and our hospital.
■ Introduction
The liver, which is the largest internal organ of the human body, is involved in the synthesis of proteins, plays a role in fat digestion via the synthesis bile acids, facilitates the elimination of intrinsic or extrinsic toxic substances, and plays a very important role in energy homeostasis. To perform these functions, both the number of cells in the liver, and the quality of those cells, are very important. Various factors can decrease the amount of liver tissue, for tumor resection or hepatectomy (HT) in living donor liver transplantation (LDLT).
Liver hypertrophy depends on the degree of liver resection 1 . Some people do not have a tumor resection because of the lack of liver tissue that can only be left to themselves. When the number of liver cells decreases, especially when surgery is applied to a part of the liver, a condition called small for size may develop. Various methods have been tried to overcome for this situation.
In the presence of intact liver cells, regeneration occurs with the replication of functioning, mature liver cells. Proliferation stops when the liver reaches its original mass 2 . The regeneration process in LDLT donors is compensatory, and is determined by the body's demand. Liver failure can result from primary liver cirrhosis or the growth of dysfunctional cells within a tumor. In a healthy individual, a reduction in the number or function of lobules leads to hepatic regeneration.
In liver transplantation, the size of the HT is limited by necessity. Drugs that accelerate growth of the remnant donor liver are being tested currently. With extended liver tumor resection, such drugs could increase the amount of normal liver tissue without enlarging tumor growth. Thymoquinone (TQ; 2-isopropyl-5-methylbenzoquinone) and curcumin (C) are antioxidant molecules with one was fixed with 10% formalin solution for histopathological examination and the other was stored at −80°C for biochemical analysis. All samples were treated at room temperature.
Statistical analysis
All data are expressed as means ± standard deviation. To evaluate differences in pathological scores among the experimental groups, Kruskal-Wallis analysis of variance was applied, followed by the non-parametric Mann-Whitney U test. P-values <0.05 were deemed statistically significant. All data were processed using SPSS for Windows software (ver. 22.0; SPSS Inc., Chicago, IL, USA).
Histopathological examination
Liver specimens taken from the rats were divided into small pieces and fixed in 10% formaldehyde. Tissue sections were affixed to glass slides and stained with hematoxylineosin (HE) and Ki-67 for immunohistochemical analysis, to determine the liver cell proliferation index. Each stained section was evaluated semi-quantitatively under a light microscope (BX51/×600; Olympus, Tokyo, Japan) by a blind histologist.
Biochemical analysis
Hepatic tissues were weighed and minced into small pieces before the biochemical analysis. They were placed in empty glass tubes and 1 mL of 140 mMKCl per gram of tissue was added to each tube. All tissues were homogenized in a motor-driven homogenizer. The homogenate was centrifuged at 2,800×g for 10 min at 4°C 3 . The resulting supernatant was used for determining arginase(Arg) and tissue plasminogen activator (tPA).
The NO, Arg and tPA levels were measured with ELISA kits according to the manufacturers' instructions. Ceruloplasmin(Cer) levels were calculated nephelometrically.
■ Results

Histopathological results
In Group 1, the proliferation index was 1% in three rats and <1% in five rats. In Group 2, it was 4% in six rats and 5% in two rats; in Group 3, it was <1% in four rats and 1% in four rats; and in Group 4, it was 4% in five rats and 5% in three rats (Figure 1 ). The proliferation coefficient was significantly higher in the Group 2 and Group 4 than in the Group 1 and Group 3 alone groups (P < 0.001 between Groups 3 and 4; 1 and 4; and 3 and 4). There was no difference between Groups 1 and 3 (P = 1).
Biochemical results
When we examined the biochemical results regarding the proliferation of liver cells, we observed increases in Arg, Cer and tPA in TQ group(Group 2). This increase in the Group 2, Group 3, and Group 4; also led to an additive effect. This increase had a significant effect from the induction of liver cell proliferation (Table 1) . 
■ Discussion
Traditional medicine emerges at an increasing frequency. Liver cells respond positively to some herbal drugs. These include Baccharis trimera, picroliv, ellagic acid and curcumin 4, 5 . The positive effects of TQ on liver are also known [6] [7] [8] .
TQ is obtained from Nigella sativa seeds, which contain TQ(30-48%), p-cymene (7-15%), carvacrol (6-12%), 4-terpineol (2-7%), t-anethole (1-4%), and the sesquiterpenelongifolene (1-8%) 9 .
Arg is an enzyme involved in urea cycle, where it catalyzes the hydrolysis of L-arginine into L-ornithine and is expressed specifically in the liver of animals 10, 11 . The level of Arg also increases in hepatocellular carcinoma(HCC) 12 . The administration of TPA from the outside treats the liver failure by increasing the microcirculation 13 . NO occurs in arterial gas exchange disorders in liver disease 14 . In the absence of Cer, a metalloprotein and an acute phase reactant, Wilson's disease and a number of copper-related complications develops in the brain. Their levels are therefore directly related to the number of liver cells.
It has been shown experimentally that TQ can be used in liver tumors. In mice, aflatoxin (B1) is an effective agent for hepatocellular carcinoma 15 . It is not a nephrotoxic agent when compared to other chemotherapeutics; even the adverse effects of chemotherapy 16 .
Extended liver resection is necessary to obtain clear resection margins in up to 45% of primary and secondary liver tumors 17 . It strongly reduces the expression of the hyper-argyrophilic nucleolar organizer region in both rat hepatocellular carcinoma and human cholangiocarcinoma. TQ stops cell division in the G2/M phase by inhibiting the phosphoinositide-3-kinase-protein kinase B (PI3K/Akt) and nuclear factor-kB (NF-kB) pathways 18, 19 . It reduces the hepatic fibrosis induced by thioacetamide by triggering the LKB1-AMPK pathway 20 . After major liver resection, the mortality rate ranges from 3.2% to 7% in patients with undamaged liver tissue, increasing to 32% in cirrhotic patients 21 .
Liver transplantation is often used to treat chronic liver disease. The calculation regarding the amount of liver to transplant is crucial, because both the recipient and donor may develop liver failure. The remnant liver volume is a key factor in the safety of LDLT 22 . In LDLT, the maximum amount of donor liver removed should be 70% because liver failure may develop in donors with <30% remnant liver tissue 23 . If the remaining liver tissue in the donor is < 30%, small-for-size status and urgent liver transplantation "for liver donors" may occur. Similarly, if insufficient liver is transplanted, the recipient may develop liver failure. TQ, which will be given at doses calculated by specific studies before and after liver transplantation, may be useful in increasing liver volume in donors.
Curcuma longa has been used in traditional medicine for thousands of years in India. Curcumin glucuronide is the active metabolite of C and is a natural phenol that is also used as a food coloring (E100). The molecular mechanism underlying the effect of C on the liver involves Hep-G2 gene expression. C has anti-tumorigenic and anti-metastatic effects 24 . Other studies have demonstrated that C protects the liver after HT, increasing both the proliferative index and the mitotic index. C also has antimicrobial, anti-inflammatory, antioxidant, antiviral, antiangiogenic, antidiabetic, and anti-carcinogenic effects in experimental animal models 12 . The diferuloylmethane moiety of C has antioxidant and anti-inflammatory effects without causing toxicity, even at high doses. However, it should be noted that TQ has a narrower therapeutic range than C 25, 26 .
TQ and C also have some unwanted effects. Given at a dose of 50 mg/kg for 5 days, TQ did not have any side effects on the liver or kidneys in rats. However, the LD 50 of TQ was 2.4 g/kg, at which it reduced the level of glutathione (GSH) enzyme 28 . C at 8 g/day is well-tolerated, while at 12 g/day it has mild side effects, such as diarrhea, headache, yellowish feces, and rash 29 . Because of its low bioavailability and rapid half-life, only a small proportion of oral C reaches the affected area 30 .
■ Conclusions
In our study, histologically, the Ki-67 proliferation index was low in Groups 1. The proliferation index increased in Groups 2 and 4. C had no marked effects on hepatic proliferation, and no change in proliferation was observed in Group 3.
In chronic liver diseases, liver transplantation is the treatment method using today. Liver obtained from a donor is transferring to the recipient in operation; but extracted liver tissue should be maximum 70% of donor liver. Regeneration may be faster in patients with liver resection previously given TQ, which accelerates the development of functional lobules.
In addition, if extended resection is to be performed on liver tumors, TQ previously given before the operation may have both chemotherapeutic and regenerative effects on the liver. ■
